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PAJIUAITMOP P I PACP AJIl MACCUBP OI'O PEUTPUP O
B 3AMATP MYEP P OM PJEKTPOP-P O3UTPOP P OM TA3E

B. Y. Kyxosckuii, I1. A. Ilmunos, K. I'. Jlesuenko, B. A. BunBues

(kaedpa meopemuyeckoti duzuxu)

Brruncnena BeposiTHOCTh PaJMANMOHHOIO PACnaja MACCHBHOIO JUPAKOBCKOIO HelTpUHO L; —> L + Y
B 3aMarHHYEHHOM 7JIeKTPOH-TIO3UTPOHHOM rase. [loka3zano, 4To B CBEpXCHJIBHOM MATHHUTHOM II0JIe HMeeT
MeCTO CyHIeCTBeHHOe yBeJMUeHHe CKOPOCTH PACnajia Mo CPaBHEHHIO CO CBOOOHBIM IPOLECCOM B cpejle.

Hanmnume Maccel y HEWTPUHO W HapyIlIeHHE 3aKOHA
COXpaHECHHS JIENTOHHOTO UMC/Ia TIPUBOJIAT K TaKUM (yH-
JaMeHTaIBHEIM 3dderTaM, Kak OCIHWUIAIAA U HecTa-
OMIBHOCTE HEUTPUHO, M3YUECHUE KOTOPHIX CTAHOBHUTCS
ONTHAM W3 TJABHEBIX HAIpPABJICHUH B COBpPeMeHHOH (u-
3WKE 3JIEMEHTAPHBIX vactull [1].

B macrosmmieit pabore TEOpHS pamdalMOHHBIX 3¢-
texToB B TOpsUCH W TUIOTHOH cpele B TPUCYTCTBHH
BHEITHETO KAJUOPOBOYHOTO MO [2] BUEPBEIE UCIIONB-
3yercs JUISL BBRIYUCICHHUS BEPOSTHOCTH PaTHAIMOHHO-
ro pacmaja MacCHBHOTO HEHTPUHO B 3aMarHUUEHHOM
INEKTPOH-TIO3UTPOHHOM Tas3e.

B cranmapraoii moaenu Baitnbepra—Canama—I oy
CO CMEIMBAHUEM JIENTOHOB OCHOBHOHW BKJIAJ B aMILIH-
TyAy mpouecca ¥; — ¥;+7 B KOHTAKTHOM IPHOIHKCHAN
MOHO IpPE/CTABUTEL B BHJE (oapodHee cM. [3,4]):
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Sij=—1 i;;F /d4md4m’17j(:13)8p [v,LG(z,z')x
xy* A (2)G(2, 2)] v*Lv;(z), (1)
1 5
3neck G(z,2') — Bpemennast ¢ynkims I'puna uie-

AllbHOT'O 3JIEKTPOH-TIO3UTPOHHOI'O rasa B MOCTOSHHOM
MarHuTHOM TOJIe, ompenenseMas popMyioit [2]:

G(m’m/):Sc(HaT:NZO)—I'Sﬁ(H’TaN)’ (2)

rae S.(H,T = p = 0) — obbluHas NpUUMHHAS (yHK-
s ['prHa 371eKTpOHA B TOCTOSHHOM MarHUTOM IO, a
TeMIIepaTypHas 4acTh BpeMeHHOM (yrkiuu ['puHa

(2) “(e) s s
SAHT .y 5'¢s (X)¢3 (X )
s(H,T, ) 87;1 exp[B(E, — ep)] + 1 X (3)

X exp[—ie E,(t — t')].

CymmupoBaHue B (3) MPOBOAUTCS MO BCEM KBAHTO-
BBIM UHCIAM § MOJOKHUTENbHO—YACTOTHHIX (¢ = +1)
U OTPHIATEIbHO-YACTOTHBIX (¢ = —1) COCTOSHMI,

¢£6)(x) — KOOpAWHATHASA YacTh PEIICHUS ypaBHEHUS
Jdupaka B HOCTOSIHHOM MAarHUTHOM MOIIC.

3aMeTUM, YTO BAKYyMHAs YacTh BEPOSTHOCTH pacma-
Ja v; — v; + 7 B IMOCTOSHHOM BHEIIHEM II0JIE AETA/Ib-
HO u3yucHa B padorax [3, 4], U B AaJdbHCHIIEM MBI ¢

OTIyCKaeM, a MAaTpHUIly cMemuBaHus B (1) ToaraeM eu-
HUYHOM, TTOCKONBKY 37[eCh HAC MHTEPECYET BO3MOXKHAS
KaTaau3UPYIOmAast poib 3b(peKToB KOHEUHOH MIIOTHOCTH
1 MHTEHCHBHOTO BHEITHETO IIOJISI.

VuuTHIBASA, YTO B COBPEMEHHBIX MOJIETSIX HEHTPOH-
HEIX 3Be37T [5] Kopa 3Be3/Ibl IPEICTABISETCS B BU/E KPHC-
TAITHUECKOH pelleTKH HOHOB, MOTPYXEHHOH B CHIIb-
HO BBIPOX/IEHHBIH 37IeKTPOHHEIH ra3, a HANPSKEHHOCTh
MarsuTHoro momst H > 10'% + 10 I'c, 6ymem mpesmo-
7IaraTh BHIIOJTHEHHBIMHE CIIE/YIONINE YCTIOBHS:

T < Erp=pu(T=0), 2¢H > p* — m?,
m2

H> Hy= — ~4,41-10" Tc.
€

PDU3NUCCKU ABA MOCICAHUX YCIOBHS COOTBETCTBYIOT
CUTyallud, KOrJa 3aIlOJIHCH AJCKTPOHAMH CPEbl TOMb-
KO OCHOBHOW VPOBCHbL C ITABHBEIM KBAHTOBBIM UHCIOM
n = 0, a OCHOBHOH BKJIaJl B BEPOSITHOCTH IIpollecca Aa-
IOT HX NEPEXO/Ibl B IPOMEKYTOUHOE COCTOSIHUC TAKXKE C
HYyJIEBBIM TJIABHBIM KBAHTOBBIM UHCJIOM [6].

B pesyaprare m3 dopmyn (1)-(3) mna Bxiaama 3¢-
(bexTOB KOHEUHOW IUIOTHOCTH B AMIUTHUTYAY pacrana
V; — V;+7y B CBEPXCHIBLHOM MAarHUTHOM I10JIE IIOTyYaeM
CJIETYIONIEE MPe/ICTABIECHUE:
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ko + E(/J — ¢k pa=py+ks ,
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F* = (Cy — C4)*(S3 — Sa)? {gaoguo + g* g —
—g*%g"° — g*%g*°| + (C} - C})(SF - S})
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(5)
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By =\/m?+p3, Ej=\/m’+p7,

npudeM Co(S2) — H3BeCTHBIE CIIUHOBHIE Kod3(uIimen-
TBHI B pEIICHUH ypaBHEHHS [IMpaKa /st IPOMEKYTOYHBIX
COCTOSTHAH M 3JEKTPOHOB CPE/IBl COOTBETCTBEHHO.

B dopmyne (4) HelitpunHsli Tok j* = 7(¢')y*Lv(q),
npudeM 7;(q’) — TUPAKOBCKU CONMPSLKEHHBIH OHCITHHOD
KOHEUHOro HeHTpHHO ¢ mMIymscoM ¢’ (¢'? = m/?),
Vi(qg — BGUCTTUHOP HAYATEHOTO HEUTPHHO ¢ UMITYIHCOM
q (¢? = m2), umnynse usnyuentoro dorona k = g — ¢,
e®(k) — BexkTOp MOJSIPU3AIMU U3Ty4aeMoro (poToHa, a
sHeprus MepMu CBA3aHA ¢ KOHIEHTPAIHUEH 27IeKTPOHOB

COOTHOIICHHUEM

eH
n= ——\/p? - mi
27
B npeienbHOM ciydae HEPETSITHBHCTCKOTO 3JICKTPOH-
HOTO rasa, Koraa
2
<ﬁ> 1<,
m

U HepeNSTUBHUCTCKOTo HelirpuHo (|q| < m,,) u3 dopmyn
(4)—(5) nna muddepeHITHATEHON BepOSTHOCTH pacmlaja
8(eH)?*(eGF)*m,

HAXOAUM
2
St <ﬁ> 1] x
0404} m (6)

x cos* (1 + cos 0)3(q — ¢’ — k)d>q'd°k,

dw=

rae # — yrox Mexy HallpaBlIcHHEM HMITyIbca (oToHa
Y HaIlpaBjeHHUeM MarHUTHOTO IOJS.

N3 (6) cnemyer, uro yrioBoe pacmpeacncHue ¢Goro-
HOB OT paJMaIlMOHHOIO paclaja HEUTpHHO B 3aMarHu-
YeHHOM 3JIeKTPOHHOM Ta3e, KaKk U B BaKyyMHOM CIy-
4qae [7], OpONOPIIHOHAIBHO XapaKTEepPHOMY MHOXHTEIO
(14 1cosf), rae I = +1 Aas neBBIX AUPAKOBCKUX HEHT-
puHo U [ = 0 A1 MalOpaHOBCKUX HEUTpHUHO. [ moJ-
HOH BEpOSITHOCTHU pacnaja B eTMHHUITY BPEMEHH U B U-
Hulle 06veMa 13 GopMyITH (6) HAXOTUM

8 <%>2 - 1] (eH)2(eGr)? =

wW=—="m,

(7)

[JIC @ — MOOCTOSIHHASI TOHKOU CTPYKTYphl, G — KOH-
cranta depMu, m — Macca JICKTPOHA, 1 — KOHIICHT-
parys 2JICKTPOHOB, a Macca KOHCUHOI'O HEUTPHHO MOJIO-
JKEHA paBHOM HYIIIO.

MoXHO TMOKa3aTh, YTO B ClIydae PEISTUBHCTCKOTO
HCHTPUHO U HEPEISITUBUCTCKOTO JICKTPOHHOTO ra3a Be-
POSITHOCTE TPOINIECCa COJCPKUT JTOMOTHUTEIBHBIN 1O
cpaBHeHUIO ¢ (7) oOIMH MHOXUTEIh, PaBHBIN C TOU-
HOCTBIO JI0 T1aBHOTO Kodddurmenra m,, /F,, , T.e. UMeeT
MCCTO YMEHBIIICHUE BEPOSITHOCTH Opoliecca.

OTMeTHM, YTO B CBEPXCUJIBHOM MAarHUTHOM MOJIC BE-
POSITHOCTH PaJWaIlMOHHOIO pacnajid MAaCCUBHOI'O HENT-
PMHO v; — V; + Y B DIICKTPOHHOM Ta3e HE 3aBUCHT OT
HAIPSLKEHHOCTH MarHUTHOTO TTOJISL

B paMkax craHaapTHON MOJIENIA BEPOSTHOCTE pa/iva-
IIMOHHOT'O pacnajad MacCUBHOTO HEUTPHHO B 3JIEKTPOH-
HOM rase, Ho 0¢3 yucTa BJWSHHS BHEIIHETO MO, ObLIA
BBIUUCICHA paHee B padorax [8]. HpuseacHuwic B [8]
OIIEHK! ITOKAa3BbIBAIOT, YTO JISI OTHOCHUTENBHO MAaIIBIX
Macc HEUTpUHO U OOJBIION MIOTHOCTH CPEbl, a TAKXKe
MPU KOHEYHOU TEMIIEpATYPEe HMEET MECTO CYIIECTBEHHOE
VBEJINYEHUE BEPOSITHOCTU IPOIlecca MO CPaBHEHHIO C Be-
POSITHOCTBIO pacnaja B BakyyMme. Harmpumep, A1 MOKO-
SIIErocsd HEUTPUHO B CIIy4Yae HEPEISITHBACTCKON BBIPOXK-
JIEHHOW IUTa3MBI 3BE3/l CKOPOCTH PaJHAIIAOHHOIO pac-
nmaja U OTHOIIIEHUE BEPOSTHOCTEH pacliajia B Cpelic U B
BakyyMe ompeaestorcs gopmymnamu [8]:

aG%‘nzmy
“om? ®)

(12 ()

r, m, 1024 em—3 ) 7

[JIc HCUTPUHO B KOHCUYHOM COCTOSIHUM CUHMTACTCS 0Oe3-
MAaCCOBEIM, & MATPHIlA CMEIIUBAHUS, KaK U B (7) — ¢au-
HUYHOM.

Hamm pesyabrat (7), yUUTBIBAIONTUNA OJHOBPECMEHHBII
BKIa/ 2(ppeKTOR KOHEUHON TIOTHOCTH CPENbl U CBEPX-
CUJILHOI'O MArHUTHOrO TOMSI B BEPOSTHOCTH pacmaja,
npeBocxoAuT (8) mpumMepHo B 50 pa3. Hpu sTom 3aBucu-
MOCTBb BEPOSITHOCTH IpoIlecca B CBEPXCUJILHOM MArHUT-
HOM I10JI¢ OT KOHICHTPAIIMU HEPEISITUBUCTCKOLO IJICK-
TPOHHOTO Ta3a TaKas K¢, KAK U B CBOOOJHOM pacmajg.
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